The rate of post-exposure polymerization and the effects of initial polymerization on the final polymerization of visible lightactivated composite resin were studied. The extent of polymerization, as indicated by hardness values, was influenced by the exposure time to the photo-activating radiation and by the postexposure time. The timing of testing is critical when studying the properties of visible light-activated composite resins.
Introduction
The polymerization of a photo-activated composite restorative resin is influenced by the attenuation of the intensity of the photo-activating radiation during its passage through the translucent composite resin. Thus, the extent of polymerization decreases at increased depth of a restoration, as indicated by hardness measurements. The depth of cure and the curing pattern of ultraviolet (UV) light-activated composites have been reported by Salako and Cruickshanks-BoydI and by de Lange et al. 2 Factors affecting the depth of cure of UV light-activated composites were discussed by Cook.3 The dependency of polymerization of visible light-activated composites on light intensities and test methods was reported by Kilian.4'5 Comparisons of the depths of cure and transmission coefficients of UV lightactivated composites and visible light-activated composites were reported by Tirtha et al. 6 Post-irradiation polymerization in photo-activated composite resins as a function of time, however, has not been reported. This study was to investigate the rate of post-exposure polymerization and the effects of initial polymerization on final polymerization of a visible light-activated composite resin.
Materials and methods.
A visible light-activated composite, Prisma-Fil GB, § was used in this study. Cylindrical samples, 5 mm in diameter and 2.5 mm long, were prepared in brass molds, which were covered by Mylar and then exposed to a photoactivating light, Prisma-Lite,** for ten, 15, 20, 40, and 60 s. Barcol hardness readings of the top surfaces and the bottom surfaces were taken by a hardness tester0 immediately after exposure and after ten, 20, 30, 40, 50, and 60 min, as well as after one and seven d. The samples were stored at 37±20C and 100% humidity in a light-proof container until hardness readings were taken. Two samples were prepared for measurement for each combination of exposure time and post-exposure storage time. Three readings were taken at each surface of these samples.
Results.
The average hardness values for the top and bottom surfaces for different exposure times and post-exposure times are shown in Table 1 . The bottom surface at ten-second exposure time showed no measurable hardness at all post-exposure times and thus no detectable polymerization. The average hardness values, H, at the bottom surface at post-exposure time, t, are fitted to the equation as follows:
for each exposure time. The values of Ho, H1, H2, T1, and T2 obtained from curve fitting are shown in Table 2 . The curves are shown in Fig. 1 . Statistical evaluations using analysis of variance showed that for each exposure and surface, except the abovementioned condition, there were differences among the hardness values for different post-exposure times. The results of multiple comparisons using the Student-Newman-Keuls test7 at a = 0.05 are shown in Table 1 The general trend for a specific exposure time and surface was a slow increase in hardness values for the first 20 min after exposure, followed by gentle leveling off up to 60 min, and then slightly higher hardness values at one and seven d. In most cases, multiple comparison tests showed that there were no statistically significant differences for hardness values between 20 and 60 min of post-exposure, and between one and seven d. Thus, polymerization of the composite continued at a slow rate after exposure and essentially reached a termination point at approximately one d. The trend is reflected in the equation used to curve fit the experimental results.
At an exposure time of 20 s, there is a more gradual continuous increase in hardness values with time, and this is reflected in the value of T2. This may be because the system is slightly underexposed for photo-activation, thus influencing the rate of change in the degree of polymerization.
Post-irradiation increases in hardness of visible light composite resin between one h and 24 h have been reported by Kilian1o and are consistent with the findings of this investigation.
However, results on UV light-activated resins were varied.
Cook3 found no significant changes in hardness values for reported that there was no increase in hardness for UV light-activated resin measured immediately and up to three wk after irradiation. However, results by de Lange et al.2 indicated that there was some increase in hardness from one to three d. Such discrepancies may be due to differences in the composition of the materials and storage conditions, such as lighting, temperature, and humidity. The above results suggest that the timing of testing is very critical when studying properties of composite resins.
The extent of polymerization at the bottom surfaces was highly influenced by the exposure time to the photo-activating light. An exposure of ten s produced no detectable polymerization even after seven d. For each post-exposure time, an increase in exposure time was accompanied by higher hardness values, indicating higher degrees of polymerization. However, the differences for samples exposed to the photo-activating light for 40 s and 60 s were relatively less than the differences between 15 and 20 and 40 s. This suggested that the effect of extended exposure above the manufacturer's recommended time was considerably less than the effect of underexposure.
Changes hardness values in 20 min. Samples exposed for the recommended time, 40 s, and for extended time, 60 s, showed relatively smaller increases (78% and 54%, respectively). Furthermore, the differences in hardness values for the bottom surfaces of samples exposed to the curing light for 40 and 60 s decreased with post-exposure time and converged toward each other after one d.
Conclusions.
The extent of polymerization of a photo-activated composite, as indicated by hardness values, was influenced by the exposure time to the photo-activating radiation and by the post-exposure time. The bottom surfaces of composite samples showed a more pronounced dependency in these factors. The extent of polymerization at the bottom surface increased with increased exposure time and post-exposure time. The increase was higher for moderately underexposed samples. When one studies the properties of a photo-activated composite, the timing of the testing is critical up to this termination point. Polymerization essentially reached a termination point after one d. Extended exposure to the photo-activating light did not significantly increase the final degree of polymerization.
